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i3lmMEm 

A two-dimen8ional wTnd4mel  investigation W made of two 
NACA 7-series  type airfoils of approximate 17.7-gercent chord and 
15.Lpercent chord thickness, each equipped with a 30-lpercent-airfoil- 
chord  double slotted  f lap,  a slot-ltp aileron, and a trail1ng"edge Frise 
aileron with two amounts of aerodynamic overhang balance. Airfoi l  l i f t  
and drag, Frise  aileron hinge moment, and slOt-Up aileron hinge moment 
were  measured for both airfoils through a large range of deflection of 

The data presentea indlcate that for a wing having a profile of the 

edge Frise aileron on a full-epan double slotted f lap EO 86 t o  provide. 
satisfactory l a t e ra l  control oharacteristics at large flap deflections. 

* 

* flap, Frise aileron, and ~lot-lip aileron and sectfon  angle of attack. 

- NACA T-eries type, a sl&-llp aileron can be cmbined with a trallfng- 

The use of full-span flaps on large alrplmes w i t h  high wing loadings 
t o  obtain  the  requlred high values of maximum lift coefficient f o r  landing 
and take-off has camplicated the .problem of obtaining satisfactorg l a t e ra l  
control  during  both the high-lift and high-speed. flight conditions. A 
collection of available t e s t  data on lateral-control  amicea used in oon- 
junction w i t h  full"pan f laps is  preeented in reference 1. A system con- 
s is t ing of plaintrailing-edge  ailerone for the f1apa;Up condition and 
8lOt"llp ailerone f o r  the flape-down condition  has proven satlsfactorg. 
6nly a limited amount of data iB available, however, on this t s p e  of 
lateral-control syetem on low-drag-type airfoils equipped w i t h  double 
slotted flaps. 



A two-dimensional investie;ation was mads in the Langley two- 
dimneional  lm-turbulence pressure tunnel of two RAGA T-eries-type 
airfoils of approximate 15.4”percent chord and 17.7-yercent chord thick- 
ness, each equipped w l t h  a double s lot ted flap, slot-lip aileron, and 
straightsided  trailing-edge  Frise  aileron. The Frise  ailerons were 
tested with overhang balances of 35.1 percent and 40.8 ’percent of the 
aileron chord. Tests were made at  a Reynolds number of 6 X 10 6 and 
included measurements of a i r fo i l  lift, drag, and aileron hinge moments 
through a wide range of deflection of f l ap  and ailerons. 

airfoil section lift coeffioient 

Cd airfoi l   sect ion drag coefficient 

Ac 2 increment of a i r foi l   sect ion lif’t coefficient 

C Frlm aileron section hinge-moment coefficlent 
ha 

slot-lip aileron section  hbgmcment  coefficient (3) Ch2 

C 

Increment of a i r foi l   sect ion angle of attack, degrees 

chord of a i r f o i l  w i t h  movable surfaces  neutral; measured parallel 
t o  wing Teference line 

chord of Frise aileron measured parallel t o  w i n g  reference l ine  nom hhge  a x l s  t o  a i r fo i l  trailing-edge 

chord of slot-lip aileron measured paral le l  to wing reference 
l ine from hinge a x l e  t o  a i leron  t ra i l ing edge 

chord of Frise aileron overhang nieaeured parallel to wing 
reference l i ne  f’rom aileron hinge axis t o  aileron leading 
cage 
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flap deflection  with  reepect t o  wing reference line; 
positive when trailing edge is deflected bunward, depees 

Frise aileron deflection  with  respect  to flap; positive when 
trail- edge is deflected d-, degrees 

dot-lip  aileron  deflection w i t h  respect to wing reference line; 
positive when t ra i l ing  edge is deflected downward, degrees 

.Reynolds numiber based M a i r f o i l  chord 

free-stream dynamic preaaure 

Frise aileron hinge mcrment per unlt span; positive when 
tr- edge tends to   de f l ec t  darnxard 

slot-lip a,ileron hinge mament per unit span; positive when 
t ra i l ing  edge tenda to   de f l ec t  darnward 

The subecripts t o  the partial derivativet3  denote the sarlakles held 
conetant when the p a r t i d  derivatives were taken. The dePivatives were 
measured at zero angle of attack and at zero aileron deflection. 

The airfoils tested were of approximate 1 3 . h e r c e n t  chord and 
17.7-percent chord thickness and were of the RACA 7'-8eries t n e  (refer- 
ence 2). Ordinates of the basic airfoils axe given i n  tables I and II. 
The cusps near the trailing edge were removed by drawing straight lines 
from the  t ra i l ing edge tangent to   t he   a i r fo i l  coatour. A photograph 
and profile  sketches of the  wdels showing the double s lot ted flap, 
straigh.trsided l?rise aUeronJ and slot-lip  aileron,  hereinafter referred 
t o  as "flip," are presented in  figures 1 and 2. 

The arrangement and per-tinen.t, dimenelom of the f lap  and control 
eurfacee are shown in figure 3.  The vane of the double slotted  f lap ws 
f b e d  with respect t o  the remainder of the flap and the t o t a l  flap rotated 
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aa a tmit about the hinge axis shown in figure 3. The over d l  length of 
the   d le ron  remained ccrmtant and the percentage of overhang balance with 
respect to the  aileron ohord behind its hinge axis was changed by changing 
the  position of the hinge a i s .  Overhang balances of 35.1 percent 
and 40.8 percent of the aileron chord were teeted with resulting  aileron 
chords of 0.lgOc and 0.144c, reapec-tively. The angle of attack of the models 
was measured with respect to the wing reference  line ae shown in  figure 2. 
The angle of attack dur ing prevfoua lift; t ee t s  of the  0.154~  thick  airfoil 
w i t h  a double slotted flap, contour Friae  aileron, and f l i p  (reference 3) 
was measured with  respect t o  a different  reference line also indicated on 
figure 2. 

The  models had chorda of 24 fnche~  measured parallel t o   t he  wing 
reference lineer and were teated in  an aeroQm.mica,lly smooth condition. 
All elote were unsealed  except fm a f e w  t e s t s  in which the aileron slot 

B e d &  With -1- C 4 .  

The modeler were tested in the Langley two-dimensional low-turbulence 
preesure tunnel. A delscription of this tunnel and of the methods by which 
the lift and drag data were meaaured  and corrected t o  f’ree-alr conditions 
is given in reference 4. H h g e  momenta of the Frise aileron and of the  
f l i p  were meaaured w i t h  reeietence-me  electrical strain gagee. The 
corrections  to the  hhge mormenta are very emaU ( i n  t h e  order of. 0.00301) 
and, theref ore, ware not  applied. 

Drag measruraments were made on both a i r fo i l s  with all movable surfaces 
neutra l -ad  on the  0.177~  thick  airfoil  with only tple flap  deflected. 
Lift, aileron hinge mmmnt, and f l i p  hinge mcIplbnt ‘were meamred f o r  both 
airfoils with  the  dlerons having overhang balances of either 0.3510, 
o r  0.408~~. The meaEIureIllants were obtained for  a large range of deflection 
of flap, Frise aileron, and f l ip .  The scope of the  invest;igation is 
outlin’ed in table IEt which may a l s o  be wed as a figure index f o r  the 
baeic  &ta. The baeic lift and f l i p  hinge-moment data obtained on the 
alrfoile equipped with the alleron of larger balance are  not presented 
inawruch as  these data are very similm t o  the  data prerrented for the 
nmRller aileron balance. 

D u r F n g  each t e s t  run, the  deflectiona of the movable surface6 were 
held constant while the angle of attack  me varied in both &z1 increasing 
and a decreaa- direction. For some cambinations of Illovubl6-surface 
deflection a difference in liFt or hinge-mament values elleted at the ~ a m e  
angle of attack, Far t h e e  conditions arrows are dram along the CUFPOB 
t o  indlicate the  directian of the change in angle of attack. 

V 



RM NO. ~ 9 2 3  5 

Mach 
$ 

The basic  data are  peaented in figures 4 t o  14  and 
 are^ presented In figmes 15 t o  23. 

analysis c m e s  

the 0.15k.c thick 
a i r f o i l  equipped with a tr&+cantour aileron WBB indicated in reference 3 
for  flap  deflections of 5oo and greater. For this  investigation, therefore, 
the  flap  deflection of the 0.154~  thick  alrfoil  was limited t o  bo. A f e w  
tests of t he   0 . lnc   t h i ck   a i r fo i l  u i th  a flap  deflection of 50° indicated 
that sharp brea3ra Fn the lift curves and uneteady flow conditions also 
misted  (fig.  4( i )  ) . T h e  remainder of the   t es t s  on the  thicker airfoil, 
therefore, were limited -0 t o  a m~ucimum flap  deflection of 40°. 

The variations of maxlmmn lift coefficient  with f l a p  deflection for 
the neutral aileron condition are presented Fn figure 15 for both a i r fo i l s  
tested and for the 0.15kc th ick   a i r fo i l  w i t h  the  truecontour  aileron 
(reference 3) . The change in the  aileron  profile frdm t rue  t o  straight- 
eided  contour has no effect on the a i r f o i l  marlmum lift coefficients at 
all the  flap  deflections  tested. 

The rate of  change of maximum lift coefficient with f lap deflection 
for  the 0.17’7~ thick a i r f o i l  decreasee  through a range of f lap deflection 
f’rcan approrlmately 200 t o  25O, and then increases when the flap is 
deflected more than 25O. A discontinuity &Leo occur8 near t h i s  range for 
the thinner airfoil. ThiB discontimi- is probably caused by the lower- 
surface skirt of the a i r f o i l  which blocke the flow of air through the 
slot between the flip and the vane of the double d o t t e d  flap at low flap 
deflections. When the fhp  deflection is lerge enough to pernit better 
air flow conditions through this slot mer the vane, the marlmum lift, is 
increased. A elmila variation of ma3lrmxm lift coefficient w i t h  flap 
deflection -8 shown 3y t e d e  of a double-d&te&flap model  with lower- 
aurface airfoil akirts of different length aa reported in reference 5. 

The maximum section lift coefficients of the 0.177~  thick  a i r foi l  
are lower than  those of t h e  thinner a i r fo i l  at flap deflections lees than 
approximately 180. A t  f l a p  deflections  greater  than approximately 30°, 
however, higher V ~ W B  of maximum section lift coefficients were obtained 
on the thicker airfoil. Value8 of maxinum sectian lift coefficient 
of 2.92 and 2. w e r e  obtained on the 17.7-percent and 15. bpercent  thick 
airfoils, respectively, at a flap  deflection of 40° with both ailerons 
neut ra l .  
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The variations. of section lift coefficient w i t h  aileron  deflection 
and with f l ip  deflectian are presented in  f igures 16 and 17, respectively, 
for  the a i r f o f l  at zero angle of attack. Xa o r d e  to   f ac i l i t a t e  an 
analysis of the aileron and f l i p  lift effectiveness,  vdues of t h e   i n c r e  
ment  of section angle of attack  required t o  maintain a constant lif't 
coefficient  are  plotted against aileron  deflection figure 18 for  various 
fl ip  deflections on both a i r foi le  with  the double slotted  f lap  retracted 
and derlected 25' and 40°. The lifi coefficient chosen at eauh flap 
deflection  for this analyeis correerponds t o  apprmimately the minimum value 
of maximum lift obtained  throughout the  range of deflection of the  aileron 
and f l ip .  

A t  the double-slcFbted-flap deflections of 25O and 40° the  Frise 
aileron waa generally mor% effective for negative  aileron  deflections  than 
f o r  pogitive  aileraa  deflections on both a i r fa i le  with fl ip  neutral .  A t  
a flap  deflection of 4.0' on the  15.bpercenhhord  thick  airfoil ,  the air 
flow over the aileron became u t e a d g  and erraticaiiy  stalled and unstalled 
a t  aileron deflections of 5O and greater  (f igs. 5 ( g ) ,  5(h), 6 ,  and 18( e) ) . 
The effect of seal- the  aileron s l o t  was inveetigated at a flap  deflec- 
t ion of No, and the  results are presented in figures 5( h) , 6 ,  and 18( f )  . 
S e a l i n g  the  aileron  slot  precipitated  aileron s t d l  at  aileron  deflections 
of loo a d  1 5 O  w i t h  the f l ip   neut ra l  but  tended t o  prevent  the  aileron 
stall at an aileron  deflection of 5O w i t h  the   f l ip   neutral  and a t  an 
aileron  deflection of loo w i t h  the  flip  deflected -3'. The k t a  f o r  the 
true-contour Bise aileron  (reference 3) indicated that sealing  the  aileron 
s lo t  a l e 0  precipitated  aileron stall at aileron  deflectiom of loo md 15O 
w i t h  the   f l ip   neutral   a t   f lap  def lect ions of 45O and 50°. Fairing  the 
aileron  slot  t o  the  aileron contour, however, in  addition  to  sealing  the 
s l o t  eliminated  the  aileron stall at  flap,  aileron, and fl ip  deflections 
of 400, 100, and Oo, respectively  (figs. 6 and 18(-f) ) . 

The variation of flip  effectiveness  with  flap  deflection is shown by 
conparison of figures 18 and 19. With the f lap  re t racted  the  f l ip  is very 
ineffective in producing a change in angle of attack at a section lie 
coefficient of 0.4. A large increme in f l i p  effectiveness OCCUTB with 
increasing flap deflection w i t h  the result that at a flap  deflection of 40° 
the f l i p  is more effective  than  the  aileron. The f l i p  is more effective 
on the 0.134~  thick airfoil than on the   0 . lnc   th ick   a i r fo i l  through the 
complete range of flip  'deflection at a flap  deflection of 25O. With a 4.0' 
deflection of the  flap and with the  aileron  neutral the f l i p  on the  thlnner 
a i r f o i l  is also more effective  than  the  flip on the thicker a i r f o i l  only 
f o r  f l ip  deflectiom  greater .than -IOo. 

Lnaamuch BB the change in angle of attack  required  to  maintain a 
constant lif% coefficient ier a measure of the rolling effectivenese of a 
control-eurface  installation, a study of figure 18 indicates that use of 

I 

.. . 

I 
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the  f l ip  in  cmbination w i t h  the  aileron Xill  most likely result in a 
rolling effectiveness  at a flap  deflection of 40° e q u d  t o  or  p e a t e r  than 
the  effectiveness of the  aileron alone with  the  flap  retracted. 

Hi-nt Characteriaitce 

A large quazrtity of baeic  hhg~mament  data of the  draight-ided 
Frfse aileron and of the flip i8 presented a8 an aid  in   the deeign of 
similar carglex c o n t r o m f a c e  inetallations. The discuesion of these 
data is relrtricted t o  the  general trends of the hinge+uoment parameters 
asd hinge-mamsnt characterimtics that ere Fnstmmerrtal i n  determFning the 
design of control  eurfaces and the lateral”cmtro1 1-e egsteme. 

Frise  aileron.- The variatiane of t he   a t r a ighh ided  Friee aileron 
section hing-nt coefficient w i t h  aileron deflection are presented in 
figure 20 for  flap  deflectiona of Oo, 25O, and 4.0’. A 8- of the  baeic 
aileron hing-nt parametere 

‘ha 
and ch is  presented in  

aO as a 
table IV f o r  a range of double elatted  f lap and f l i p  defledions. All 
valuea of c d o  w e r e  determined at zero aileron deflection 

h“aa 
and zero angle of attack. 

For the  17.7qercent-thick airfoil with the double slotted  f lap ami 
fl ip  neutral ,  an imrease in  aileron overhang balance chord earn 0 . 3 5 1 ~ ~  
t o  0 . 4 0 8 ~ ~  increased positively  the values of 

f r o m  0.00~13 t o  0.0008 and from “0.0034 t o  -0.OOl3, respectively. on t he  
15 .hercent- thick airfoil, the values of 

positively f r a m  -0.0013 t o  4.0002 and fPom -0.0060 t o  -0.0037, respectively, 
with  the  increased  aileron overhang balance. The increase in aileron 0 ~ 8 1 ~  
hang balance rn both airfoile ale0 increaeed the Taluea of % yosi- 

t ively at doublc+mlott;ed”flap deflectfon of 25O and No w i t h  the flip 

c% and h”a& 

% and c%, 
increaered 

same double s1ai;ted f lap ecnd f l i p  configmatione. 

Deflection of the double slotted flap w i t h  f l i p  neutral, generally 
resulted in  a negative fncreaee fn ch w i t h  maxbmm values 

resulting a t  a flap  deflection of 25O. A t  double-elotteibflap  deflectione 
%O &- ch“a, 

Of 25’ & Wo, however, the vdU9E O f  Ch 

% and Ch%* 
varied incon- 

sistently  with f l i p  deflection for a l l  configuratiane  investigated. 
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The effects of f l ip  deflection on the neutral aileron hinge-ament 
characteristics at double-elotteddlap  deflectiona of m0 and No are 
presented in figure 21 for both airfoils kveetigated. In  general, low 
flip  deflections appear t o  have l i t t l e  effect on the neutral  aileron 
hinge-moment coefficients; however, an increase in  the magnitude of the 
aileron hinge mcrments occurs at the high flip  deflections. 

A s  mentioned in the  diecussion of the lift charecterietice,  the 
aileron  stalled on the  15,bpercent”thick  airfoil at a flap deflection 
of 400 and aileron  deflectiona of 5O and greater. At these conibinatians of 
control-surface  deflection,  values of the lift coefficient measured when 
the angle of attack Y&B increaaed  differed from those measured when the 
angle of attack waa dsoreaaed. This hysteresis effect is caued by a 
change in a i r .  flow condit,ione through the varioue control-eurface s l o t s  
when the a h f o i l  is stalled. The irregular nature of the air f low is 
evidenced a l s o  i n  the  aileron hinge moments which differ in value for  
increasing and decreasing angles of attack at the asme control-urface 
deflections. (See figs, 9 ( g ) ,  9(h),  9(i),  -lO(e), and 10(f).) 

Flip.-The  values of the   f l ip  hirqp+mment coefficiente are not con- 
- B i d e r e d  t o  be aa quantitatively  socurate aa the values .of the Frise 

aileron hinge mnmnnfs became of cmsfderable  difficulty  erperienced in  
elimlnathg f r ic t iau  Frau the f l i p  strai-e system. The f l i p  hinge 
moment data, harever, a r e  believed t o  be sufficiently  accurate quanti- 
tatively  to  obtaln  indications of the  order of magnitude of the flip 
control f a c e s  . 

The f l i p  hinge+mmnt  coefficients  for  several combinatione of 
control-eurface  deflecticm  efiibited a hyateresis effect  for  inoreasing 
and decreasing angles of attack (fige. 11 and 12) . HyrJteresis loops were 
measured a t  acme configmatione for-.whioh a similar spread in lift o r  
aileron hinge  mments m a  not measured. Thie redt seame t o  indioate 
that the flip wa,~ vezy semi t ive   t o  emall changes in air flow conditions 
over the   a i r fo i l  that were not large enough to   a f fec t   the   a i r fo i l  lift; o r  
Frise aileron hinge mxente. Data not  preeented  indicate, hmver ,  that 
if the  angle of attack is not increaaed t o  the   a i r fo i l  &all the value of 
the f l i p  hinge mmnt w i l l  be independent of the previous  direction of 
change in  angle of attack. The f l i p  hinge-mament bysteresis  loops that 
occurred during these te&8  without a eimllar lift, effect may not be 
aerious, therefore, under actual flight conditions. 

Crosa plota of the basic data. sharing  the effect of aileron  deflection 
and fl ip  deflection on the fl ip  hbge+mmnt  cosfficlente are presented in 
figurea 22 and 23, respectiyely. With the double slotted  flap  retracted, 
intermediate and large pO6itiPe deflections of the  Frlse  aileron cause an 
opening tendency of the SlOt-lip aileron which would sdd t o  the stick 
force if the   f l i p  were connected in the  linkage materm. This opening 



NACA RM mo. ~9523 9 

? 

c 

tendency at popritive aileron deflectibns in addition to the pocr lift, 
effectiveness of the  flip  with  the flaps up w e a r  to warrant a control 
linkage aystam that yould disengage the flip from the ~ystem when  the 
flap is retrmted. FCw both airfoil8 at a flap deflection of eo and at 
an angle of attack of Oo, the  flip has a closlng  tendency. For the 
0.lnc  thick alrpoil, negative  aileron  deflectiona have no appreciable 
effect on the  closing tendency of the nip, but  reduce  the ~loelng 
tendency for the thinner airfoil.  Positi-fre aileron deflectiona  increase 
the  flip  closing ten- on both  airfoils.  Variation of flip hinge 
moment  with  flfp  deflection u a ~  nonlinear (fig.  23) 

Deflection of the double slotted flap f r c n n  25O  to kOo decrease6  the 
closing tendency of the flip at a l l  Frise aileron deflections at an angle 
of attack and flip  deflection  of 00. A i l e r o n  deflection haa very little 
effect on the f l i p  hinge mamente for both airfoils at a flap  deflection 
of 400. h opening tendency at fntermediate flip deflections 
(fig. 23) f r am approxin~&$mly "10 to -15O on the I7.7-percant"thick  airfoil 
end f r o m  approximately -10' to 41° an the thFsmer airfoil. Elimlnatian 
of the open- tendency of the  flip may be accqlished ky m o d i Q i n g  the 
flip  averhang bFI'1e. a a flight invesbAgation  of a sloii-lip aileron 
on an airplane (reference 6), a spring waa incnlporated  into  the  lateral- 
control eystem to countersot an opening tendency of the slot-lip aileron. 

Drag  CBaracteristica 

Profile drag characteristics  of t h e  17.7-percent  chord  and 
15.4-percent  chord  thick airfoils are presented  in  figures 13 and 14, 
respectively.  With a l l  con-fxol surfaces neutral, the drag coefficients 
for  the  17.7-percent  thick a i r f o i l  were  lower  than the values for  the 
15.4-percent  thick a i r f o i l  at  positive lift coefficients and greater 
than  the values for the thinner airfoil  at  negative  lift  coefficients. 
The increase  in  section drag coefficient w i t h  flap  deflection  is shown 
in figure 13 for  the  17.7-percent  thick  airfoil. 

ResultB hare been presented of a tYD-dlmen13loI&L wind4unnel lrmesti- 
gation of two NACA T-series type  airfoils of lT.'T--percent  chord and 
15.bpercent  chord  thickness,  each  equipped  with a double slotted  flap, 
slot-lip aileron (flip),and  trailfns-edge Frise aileron  with  two  amounts 
of  aerodynamic overhang balance, Sharp breaks in the  lift c w e s  and 
irregulaz flow conditions  occurred  at a f lap  deflection of 500 which 
indicate t h e  advisability of limiting  deflection of the  double  slotted 
flap  to 400. At a flap  deflection of 400 with  both  ailerons  neutral, 
vahes  of m ~ ~ i m u m  section  lift  coefficient of 2.92 and 2.85 were 
obtained on the  17.7-percent and 15.4-percent  thick  airfoils,  respectiveb-. 
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The l i f t  effect ivemae  of the f l i p  increased with f lap  deflection and 
W&B greater than the Frise aileron effectiveness at a flap deflection of 40°. 
With the  flap  retracted,  the f l i p  lift effectiveness was negligible 
and the   f l ip  hhge maments indicated an opening tendency at poeitive 
deflectPons of the 3kim aileron.  Thie  catiblnation of f l ip   charaater ie t ics  
appears t o  warrant a lateral control linkage syetem tha t  would disengage 
the flip *can t h e  prgsbem when the  f lap is retracted. 

With the   f l i p  neulzal and with  the  flap  retracted o r  deflected 2 5 O  
and 400, the  Increase in F r b e  aileron overhang balance wae effective in 
reducing  the,  negative rate of change of aileron  section hinge-mm%nt 
coefficient  with  aileron  deflection  c . The increase in overhang 

balance, however, gemrally  CRUS^ the ra te  of change of aileron  section 
hinge-moment coefficient  xith angle of attack t o  increase  negatively. 

at  flap  deflectione of 25' and uo. The veluee of % and % were 

largest at R flap  deflection of ao and varied inconsistently with f l i p  
deflection for the deflected flap  configurationa. 

hB., 

Ch, 
% 

$8 % 

The data presented indicate that a slot-lip aileron can be ocmibined 
w i t h  a trailing-edge fiiee aileron on R Full-span double slotted  flap SO atll 
t o  provide satisfactory  lateral-control  characteristice  at large flap 
deflections on a wing having a-prof i le  of the WCA 7-eriea ty-pe. 
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[Stations and ordinates given i n  percent of a i r f o i l  chord 
measured along wing reference lhe]  L 

i tat ion 

0 
.1 ' 

*25 
95 

1 
1-75 
2.5 
3975 
5 
7.5 
u-5 
15 
17.5 
22.5 
25 
27.5 
30 
35 
32.5 

10 

20 

$io5 
42.5 

l- - 
" 

L 

Ordinate 
I r - 

I 
" 

L 

ordinate 1 

I 
,c I 

. .. 
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TABLE 11.- ORDIHBTES PaR TElE APPBOXIHATELX 15&PEBaENT=-CHIPLKl THICK 
NACA 7=SERIE&JPPPE AIRPOIL 

[Stations and ordinatea given i n  percent o f  a i r f o i l  chord 
measured along wing reference line] 

Station 
T o r a  

Upper 
eurf ace 

2.09  

4 3  %::E 
6.967 

9.352 

9 472 

2.71 

t.56 3*108 

9. 24 
10,002 
10 .og8 
10.120 
10.076 

9. 11 
9 -598 
9.337 
9 033 

1 r Ordi 
Wpm 

eurfaoe 

na rte 
Lover 

eurfaoe 

1 

.. . . 



1 denotra airroll l i f t  data 
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(from reference 3 )  7 

Flgure 2.- Profile sketches of the NACA 7-series-type a i r fo i l s  equipped with double slotted 
flap,  trailing-edge  aileron and f l i p .  
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Figure 3.- Concluded. 
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Figure 13.- Drag ahuraoteriatlcs of the approximately 17.7 peroent"chm6 t h l o k  HACA 7-aerlee- 
type  airfoil vith double slotted flap, straight-aided Frise aileron, and flip. E = 6 x 106 
(appror.); 8a 9 00, It = 00. 
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Figure 14.- Drag oharaoteristloe of t h e  appeoxlmatelg 15.4- 
peroent-&or& thick RAGA 7-eeriee-tgge a i r f o i l  with double 
s lo t t ed  flap, etraight-sided Friee aileron, and  flip. 
R = 6 x I O 6  (approx. 1. 
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0 10 20 30 50 

Flap deflect ion,  €if , deg 
Figure 150- Maximum lift characteristics of the WACA 7-series-type 

airfoils w i t h  double slotted flap, straight-sided Frise aileron, 
and flip. R = 6 x lo6 (approx. ); 6, = 0'; 6& = oo; 
Cb = o.4-08ca . 
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